Abstract. This paper discusses the theme of workflow system adaptability in relation to process modeling. Starting from a discussion on the role of formal constructs in cooperation, the main claim is that adaptability involves different dimensions of process modeling. These dimensions concern the possibility to flexibly combine a rich set of basic categories in order to obtain the most suitable language for modeling the target business process and the work practices around it; to take into account various levels of visibility of the contexts of definition and use of a process model; and finally to allow for temporary as well as permanent modifications of the process itself. Ariadne, a notation conceived for the above purpose, is illustrated by means of a working example. Moreover, the paper presents the main design principles governing Ariadne's implementation.
Different dimensions of adaptability
The theme of adaptability of computer systems, and among them workflow systems, involves a number of different aspects as adaptability can be discussed against a set of multifarious breakdowns: the latter can be originated from events ranging from technological failures up to dynamic organizational needs. Moreover, each type of breakdown may require ad-hoc resolution strategies and technological support. Hence, it is difficult to deal with adaptability in a general comprehensive way and it is necessary to specify the standpoint from which adaptability is considered. The importance of "separating concerns" when dealing with adaptability is pointed out also in Han et al. (1998) where workflow adaptations are classified according to four levels of abstractions: Infrastructure, Resource, Process and Domain. Our focus in this paper is on adaptability in designing and redesigning the workflow system with a particular emphasis on process modeling.
The discussion of adaptability in process modeling can take advantage of considering, as a preliminary step, the role of the formal constructs (like procedures, workflow and process models) that are introduced in organizations for supporting coordination. This helps to identify the requirements of a computer system enabling cooperative ensembles to act in business environments that are both dynamic and uncertain. A fundamental contribution to the clarification of this issue is contained in Schmidt (1997) . In a detailed discussion of the seminal idea of action situatedness proposed and articulated in Suchman's work, Schmidt describes formal constructs in terms of maps and scripts. Without pretending to present complete and faithful account of Schmidt's rich argumentation, we simply like to recall the main issues as a starting point for the definition of adaptability in process modeling. The analysis of some real situations where formal constructs are defined and used shows that they can be formulated "as general reference for orientation purposes, not as a prescribed sequence of actions". Hence, they play the (metaphorical) role of maps. On the other hand, in different working settings, the formal constructs convey "a specific stipulation . . . instructing the actor, under the conditions of social accountability, to take the particular actions . . . according to the general rules laid down in the protocol" they incorporate. In these cases, formal constructs play the role of scripts that determine actions in a far stronger sense as they can be seen as "normative constructs based on precomputations of interdependencies". Again in Schmidt's words, "whether a formal construct serves as a map or a script depends on the current situation of use".
The idea that formal constructs, and hence workflows, incorporate working practices both as maps and as scripts implies that, as maps, the rules are partially specified (under specified) and formulated in such a way that they can be modified, adapted at a reasonable cost, in relation to the changing requirements of the organization and application domain. On the other hand, as scripts, the rules should be fully specified by the actors during their action, according to the contingent situation. If the technology has to support work processes as maps as well as scripts, then its main requirement is adaptability. In fact, in this view, the technology is called to support not only the execution of the work processes, but also the redesign of the processes themselves as the process redesign and specification is a constitutive part of the every day work. The adaptability of the technology can be obtained through the combination of different dimensions that complement each other.
The first dimension is related to the language used to model the formal constructs that shape the work processes. Adaptability along this dimension concerns the possibility to tailor and use the modeling language most suitable to the particular process at hand.
The second dimension is related to the visibility of the contexts of definition and use of a formal construct in relation to the actors who, with different skills and responsibilities, utilize it during its life cycle. Here, adaptability is based on the availability of environments that provide different levels of visibility of the construct in relation to the needs of the various actors in a flexible and smooth way.
Finally, the third dimension is related to the modifications of formal construct in front of the requirements of their dynamic and uncertain environment. Here, adaptability is based on the possibility to support incremental design and changes to the formal constructs, as well as on tools for governing the propagation of changes in the environment where they apply.
In this paper we present Ariadne, a notation providing a set of linguistic features suitable to model processes and their evolution. In particular, we show how Ariadne addresses the issue of adaptability along the dimensions mentioned above. A full description of the conceptual framework underlying the notation is given in Schmidt and Simone (1996) . Here we simply want to recall that Ariadne is grounded in the analytical distinction between cooperative work and articulation work, i.e., between the distributed cooperative activities that have to be performed in a given setting and the additional work that is required to align, coordinate, and mesh them. In order to deal with the complexity of articulation work, actors introduce and use specific means, called Coordination Mechanism (CM). The outcomes of a set of empirical investigations show that coordination mechanisms can be conceived of as constituted by two devices: a coordinative protocol (an integrated set of procedures and conventions stipulating the articulation of interdependent distributed activities) on the one hand, and on the other an artifact (a distinct and permanent symbolic construct) in which the protocol is objectified. In other words, Ariadne puts the same emphasis on artifacts (like time tables, checklists, routing schemes, catalogues, classification schemes for large repositories, structured forms, and so on which have been widely in use for coordination purposes in cooperative settings) and on the concomitant procedures and conventions that are commonly represented in terms of work processes.
The capabilities of Ariadne in relation to the process knowledge component of an organizational memory and the associated learning process have been discussed in Simone and Divitini (1998) . In this paper, by using a scenario as a working example, we concentrate on how Ariadne realizes adaptability in the design of a technological support of workflow management, starting from the established work practices and following their evolution. Moreover, we illustrate how the features of Ariadne have been incorporated in a prototype: the latter can be seen as a proof of the possibility to transform Ariadne into a realistic WFMS based on the conceptualization underlying it.
In order to position our work within the related literature, Section 2 is dedicated to an overview of different existing approaches to workflow modeling. The paper continues with a brief description of the scenario. The scenario is used in Section 4 to illustrate the linguistic features of Ariadne that guarantee the capability of the notation to capture the various formal constructs of the target reality. The following three sections are devoted to the description of the previously mentioned dimensions of adaptability, again illustrated by the scenario. Section 5 presents adaptability in terms of modeling languages; Section 6 in terms of visibility; and Section 7 in terms of modifications. Section 8 describes how adaptability has been achieved in the implemented prototype. The concluding section outlines the research directions in which the proposed framework is currently evolving.
Different approaches to workflow modeling
The development of workflow systems, both at the commercial and at the research level, is not adequately supporting the view of workflows as a special class of formal constructs that can play the role of both maps and scripts, as mentioned before. On the one hand, the commercial offer is more focused on technical robustness (as system level interoperability, interaction with legacy systems, failures of the underlying infrastructure, and the like). These are all very relevant aspects that however are at a different level. On the other hand, in the research and development community, the discussion between workflow systems and unanticipated behaviors and needs took the form of a debate concerning light-weight versus heavy-weight support to coordination, or more specifically, to articulation work. The debate was initially centered on workflow systems (Kreifelts et al., 1991) and conversation based systems (Bannon, 1995) but it expanded very rapidly to all forms of support to coordination. In all cases, the main claim is about the flexibility and adaptability of the proposed technology in relation to work settings characterized by a multifarious and dynamic set of requirements. In the different proposals, this challenge is pursued on the basis of quite different approaches. Without pretending an exhaustive overview, we would like to focus on some of them by making reference to the conceptual framework that has been sketched in the previous section.
A first approach is to support coordination just in terms of a common space where people access and manipulate shared artifacts (e.g., Lotus Notes , GroupDesk (Fuchs et al., 1995) ). Here coordination is supported mainly by mechanisms governing the accesses and notifying actions and events to the actors operating in the common space. This approach proposes to adopt in the case of lasting and complex cooperative activities the same solutions conceived of for supporting (real-time) collaboration around a common artifact (as in the case of cooperative writing or software inspection). The underlying assumption is that the surrounding organizational structure/work arrangement plays a limited role and can be abstracted from. The systems adopting this approach claim to be flexible and adaptive, as work processes are not codified in any way and therefore can be changed at a low cost at any time. The point is that here flexibility is obtained at the price of laying the responsibility of articulation work on the users, without any support for remembering past negotiations as articulation happens mainly outside the system by means of other 'communication media'. In addition, sometimes the entities populating the common space are generic 'objects' (e.g. Trevor et al., 1995) that impose an additional overhead to the users in order to define the basic needed categories and their links. These systems provide very nice functionalities which can be better part of a CSCW infrastructure rather than part of an application development kit. The same criticism applies to OVAL (Malone et al., 1992) , a notation providing basic building blocks for the integration of many types of information and applications.
The alternative approach is to provide features and languages to explicitly express formal constructs and to support adaptability at the semantic level of articulation work. For example, Egret (Johnson, 1992) gives the users the ability to develop new schemes of actions and keeps track of the variations in the schemes they propose. Once the consensus is achieved, the scheme repository is made consistent for all actors as a way of supporting propagation of changes. The ConversationBuilder (Kaplan et al., 1992) was developed as a "generic framework for open, active, and flexible support for collaboration". This flexibility is achieved by providing appropriate 'mechanisms' for the support of collaboration rather than specific policies. This application can be viewed as an enrichment of Strudel (Shepherd et al., 1990) , a language allowing a dynamic ("on the fly") definition of the next-move in structures of conversations, tasks and interactions. Similarly, Regatta (Swenson et al., 1994) proposes a 'collaboration model' for the design of business processes addressing requirements that can be viewed as specialization of adaptability. Moreover, Regatta puts some emphasis on the necessity of separating coordination mechanisms from the activities taking place in the cooperative settings. This separation is present also in the Organizational Handbook (Malone et al., 1998) where, in accordance to Coordination Theory (Malone and Crowston, 1994) , different kinds of dependencies can be identified between activities and managed through alternative coordination mechanisms. This system provides a library of generic coordination mechanisms that can be used for analyzing and redesigning business processes. The combination of a 'specialization hierarchy' of business processes with the explicit representation of coordination and dependencies make it possible to provide concise description of business processes that can be adapted to different or changing situations.
Another class of languages proposes to achieve flexibility in process modeling through the use of constraints for representing 'weak relations' among objects. For example, Generalized Process Structure Grammars (Glance et al., 1996) combine a document based with a task based view on control in which causal and time relations are expressed in terms of constraints. The actual execution of a process is the result of a sequence of actions provided that they respect the set of constraints. On the other hand, Freeflow (Dourish et al., 1996) combines the same approach with a decoupling of the states characterizing a user from the states characterizing the system: the possibility of expressing different relations among the two classes of states allows for a degree of flexibility in process execution. In addition, the design principle of delegating to the users the basic decisions about the next-move or the possibility of breaking the constraints accounts for a form of local modification and incremental design. Independent of the specific set of linguistic features, all the above mentioned proposals make available a single way of describing processes, sometimes claiming that it is the most general and usable one. In recent workshops on adaptive workflows De Michelis et al., 1998; Klein et al., 1998) , many proposals were based on different variations of Petri nets to overcome their rigidity: again, the idea is to impose to the user a single language, sometimes made complex to achieve flexibility and to represent possibly quite different situations.
Although devoted to supporting synchronous cooperation, DCWPL (Cortes and Mishra, 1996) shares most of the principles underlying our approach. First of all, it explicitly states the separation of the "computational program from the coordination program". Secondly, it provides basic functions and attributes to be attached to functions and artifacts for building coordination mechanisms: thus, it shows an effort to make a selection of basic building blocks at the appropriate semantic level. As in Ariadne (see Section 5), this implies that flexibility is conceived of as the result of an abstraction process from work practices rather than as a sort of combinatorial explosion of possibilities made available by a 'neutral' language. Finally, the definition of role holds in the scope of a specific mechanism: this is quite similar to the role definition characterizing our approach (as described in Section 4).
To conclude this brief overview, none of the proposed approaches and systems recognizes the existence of artifacts specifically devoted to support articulation work, and therefore clearly distinct from the artifacts belonging to the field of work. In our view, by not considering this aspect explicitly, modeling languages fail to account for a fundamental means of articulation work in the appropriate way.
The scenario
The mission of the considered organization, let's call it Alpha, is to promote the constitution of consortia for the development of targeted projects. Projects range from the pilot testing of innovative software applications, to the capturing of requirements of new application domains up to the organization of workshops. Consortia last the duration of a project which ranges from three months up to two years.
The whole organization hinges upon the role of the Technical Coordinator (TC), who is responsible for the organization management. Most of the actors who are involved in Alpha primarily work for different and dispersed organizations and perform the related activities as an add-on to their institutional duties. Initially, a simple communication system was adopted to provide people with e-mail and moderated conferences. This support soon became insufficient. Due to the increasing organization dimension (about twenty members) and the number of projects to be dealt with (about ten running in parallel), there emerged in Alpha the need for a technological framework to support the various ongoing processes and, above all, their interactions.
For the purposes of this paper, we just consider a small selection of the ongoing processes in order to illustrate the issues connected to adaptability as mentioned in the introduction. Other processes, like the process of subscription to the organization, are left out even if they have to be considered in the background as a motivation for the introduction, e.g., of some roles. The considered processes, namely Collect Proposals and Reports (CPR), Review Meeting (RM) and Research Area Management (RAM), have been selected because they show a different nature and can be taken as representatives of a wider class of similar processes populating an organization. A detailed description will be provided in the following sections, but here we rely on an intuitive understanding. Collect Proposals and Reports is the process dealing with the submission and formal verification of the proposals and with the collection of reports from ongoing projects. It has a very loose control structure and it is a typical case of an ad hoc process under the full control of an appointed individual (in this case, the Collector). Review Meeting has to solve the problem of managing the review process and to make the related decisions effective even if in presence of a loose organizational structure as the one characterizing Alpha. Research Area Management, under the responsibility of the Research Area Coordinator (RAC), is the process connected to the management of the research within a scientific area relevant for Alpha. It includes the management of all the targeted projects classified as belonging to that area. Among the various goals of this process, we will consider just what puts it in relation with the other two, namely providing the project reports and implementing the decisions taken during the Review Meeting.
Before proceeding, we want to point out that the presented scenario is the result of a field experience where the features of Ariadne have been rigorously used to model the flow of work governing a set of cooperative activities in view of the introduction of a supporting technology. Since the organization was observed from its initial establishment, the analysis and modeling had to take into account also numerous modifications, going from small adjustments to major changes that make the processes more suitable to the dynamic needs of the evolving organization. The resulting models have been used as executable specifications for the implementation of the considered process models in a commercial technology.
Ariadne: linguistic features and key properties
In this section, we will describe Ariadne and exemplify the various concepts through the use of the scenario. As mentioned in Section 1, Ariadne is a notation for the construction of tools supporting articulation work that uses the notion of Coordination Mechanism as the unit of analysis of the target reality. The notion of Computational Coordination Mechanism (C 2 M) represents the corresponding unit of technological support. A Computational Coordination Mechanism can be defined as a software device which incorporates the artifact as well as (aspects of) the protocol.
From now on, we will use the acronym C 2 M instead of workflow system to emphasize our specific approach to its conception and to stress that the same approach (and modeling language) can also be used when considering other formal constructs supporting articulation work (like, for example, classification schemes), though they are not directly addressed in this paper. The possibility to tailor a specific language for defining a class of C 2 Ms and the related expressiveness are bound to the 'space of possibility' determined by a set of Categories of Articulation Work (CAWs), and by a set of Formal Relations among these categories. Both categories and relations have been identified in a bottom up approach from a set of field studies . This makes them meaningful and understandable by the actors involved in the coordinative effort. As we will see in Section 5, this plays an essential role with respect to adaptability.
THE BASIC ELEMENTS: CATEGORIES AND ACTIVE ARTIFACT
The identified CAWs are: Role, Human Resource, Actor, Task, Activity, Action, Interaction, and Resource. Each category is characterized by a set of attributes that guide its instantiation. All the attributes, except for the description, are in principle optional. Attributes can be grouped as follows: (a) an attribute, called description, which identifies the category and describes its informational content; (b) attributes representing the reference to other CAWs or other C 2 Ms to make their behavior part of the behavior of the pertinent category; (c) attributes representing the relationships with the Organizational Context where the categories are defined and adapted, by possibly applying suitable policies. A policy is a set of rules or a reference to another C 2 M. The relation to the Organizational Context will be considered in detail in Section 6.1; (d) two attributes expressing the communication capabilities of the category. The first one, called coordination, expresses the capability of the category to communicate with the other CAWs or C 2 Ms to provide information about its current state to them or, conversely, to obtain information about their current state. The semantics of coordination implies that the related message must be sent or received in order to fulfil the rules of the C 2 M. The second attribute, called awareness, expresses the capability of the category to make other CAWs aware both of its internal state and of 'communication' received from its environment. The semantics of an awareness communication follows the classical 'broadcast' protocol: a sent message can be disregarded by the receivers.
CAWs are distinguished according to their nominal or actual status (as indicated in Figure 1 ). This distinction plays a primary role in adaptability: in fact, the nominal status defines the categories to express the constraints on what can be dynamically and incrementally specified by means of the actual status categories during the definition, enactment and execution of a C 2 M. In this way, a C 2 M constructed according to a selected language does not need to be fully specified before it is enacted or executed. Everything but the name of the needed nominal categories (and the possibly empty selection of Formal Relations connecting them) could in principle be unspecified. Of course, this paradoxical use of the language is in general not reasonable. However, the underlying principle allows for the maximum level of adaptability at enactment and execution time. Whenever some expected information is not present, the system asks the user about its intentions: either to keep the full control or to add additional information so that the system can provide her with its support.
The detailed description of the CAWs can be found in Simone et al. (1995) . Here, we only describe the categories role and task in relation to the scenario in order to provide an idea of what is available for the design of a coordination mechanism. In the given examples, the attributes of type (d) are omitted because they are common, in the non-instantiated frames, to all the categories. Figure 2 illustrates the set of attributes that characterize a role in Ariadne (a) and sketches an example from the scenario (b). A role is defined through a set of responsibilities for tasks, resources and other coordination mechanisms. A role can be assumed by one or more actors. The attribute precepts collects the rules that regulate the assumption of the role by an actor and the behavior of the actor that assumes the role.
The way in which Ariadne expresses roles is quite different from other CSCW systems. In fact, each C 2 M has its own set of roles which allow the designer to express local constraints on the attribution of responsibilities. Moreover, the precepts express constraints in relation to other aspects, e.g., about the actor playing that role (for example, its skill), or in relation to more institutional roles typical of the usual organigram. This local and articulated notion of role allows the designer to decouple roles not just in relation to actors but also in relation to C 2 Ms, allowing for a more articulated and modular representation and, consequently, low cost modifications (as it will be discussed later on). Figure 3 illustrates the set of attributes that characterize a task in Ariadne (a) and it sketches the description of the task Collect Proposals and Reports, that is part of the homonymous mechanism (b). This task is under the full responsibility of the Collector that defined it and that can modify it. The resources that the Collector has at its disposal are various mailing lists for contacting different groups of people. The task is constituted by two main activities: the collection of the proposals and reports, and their elaboration for the submission at the review meeting. These activities are performed concurrently (conventionally, concurrency is denoted by ), as the Collector can start to elaborate the new proposals as soon as they are submitted.
As described in Section 1, a CM encompasses an artifact. We denote the computational counterpart of the artifact that is incorporated in the C 2 M as active artifact because it plays an active role in mediating the articulation work among the cooperating entities involved in the C 2 M, either by notifying to them appropriate information in presence of particular conditions or by actively participating in the articulation work effort thanks to coordination capabilities. The attribute visibility gives an account of the way each role in the C 2 M can access the information contained in the attribute content. The update/read requests are the communications the active artifact is prepared to receive: a request can be a read or an update that has to be consistent with access rights specified in the attribute visibility. Coordination and awareness express active artifact's capability to propagate, among the C 2 M components, information about changes to the state of the C 2 M induced by some of them. The condition triggering coordination and awareness can be based both on the active artifact's internal states and on some communication event plus some constraints on the content of the received message. When the condition is satisfied, the active artifact sends a message which the receiver(s) must (coordination) or may (awareness) listen to. Accordingly, the message can be broadcasted or sent to a destination explicitly specified in the out-triggers. Furthermore, the coordination can consist of the activation of some internal function as a consequence of the receiving of some messages which meet some conditions. Examples will be provided in Section 5.
THE AGGREGATION OF THE BASIC ELEMENTS
Work practices in terms of procedures and conventions are represented in Ariadne through the notion of protocol. A protocol is a compound entity obtained from the composition of CAWs to reflect the fact that in a cooperative arrangement procedures are usually expressed in terms of relations among tasks, roles, actors, actions, interactions and resources. Here, Formal Relations play a central role as they allow the user to express the desired control. For example, a protocol can be obtained by the composition of tasks and interactions through a structure representing a causal relation, or from the composition of roles through a structure representing a graph whose arcs are labeled by the resources flowing between roles. This is one of the ways by which Ariadne makes it possible to construct different modeling languages (as shown in Section 5).
Notice that the same notion of relation applies to the case of activities realizing a task and of actions/interactions constituting an activity.
Finally, a C 2 M is described as the aggregation (parallel composition) of a selection of the above mentioned constituents in terms of categories and relations, typically CAWs, protocol and active artifact. Elemental C 2 Ms can be combined to form compound C 2 Ms. In this case, the active artifact can play several roles: first of all, the role of an interface that manages its external communication; secondly, the more sophisticated role of objectifying and coordinating individual C 2 Ms. These two aspects will be exemplified in Section 7. Finally, it can play the role of 'reconciler' (Simone et al., 1999) among the C 2 Ms by providing a mediation functionality, as it will mentioned in the conclusions.
THE ROLE OF AWARENESS
A key property of Ariadne that we want to point out is the focus on the role of awareness in cooperation. The latter has been highlighted by many authors presenting empirical studies of cooperative work within CSCW starting from Heath and Luff (1992) . Actors tacitly monitor each other; they perform their activities in ways that support co-workers' awareness and understanding of their work; they take each others' past, present and prospective activities into account in planning and conducting their own work. These means of articulating cooperative activities often complement the usage of the formal constructs mentioned in the introduction in order to improve their effectiveness in relation to the situation in which they are actually used. By referring again to the metaphor of maps and scripts, awareness can be a basic source of information to complete, in the most appropriate way, a reference map into a detailed script, and to use a detailed script as a map, according to the needs of the contingent situation, without loosing the 'sense of direction'. Consequently, awareness promotion and reference to formal constructs have to be equally considered in the construction of a technological support of coordination and raise similar requirements in terms of adaptability. This is the reason why, as we have seen in the previous section, Ariadne incorporates features devoted to promoting awareness which are fully integrated with the ones devoted to the construction of coordination mechanisms. In this way, both aspects can be taken into account in the construction of formal constructs and are under user control.
The issue of awareness promotion is increasingly considered in current proposals, both at modeling and technological level (Greenlhalg and Benford, 1995; Rodden, 1996; Benford and Greenlhalg, 1997; Sandor et al., 1997; Syri, 1997) . However, it is often considered in isolation or is loosely combined with the issue of supporting the articulation of more recurrent patterns of coordination.
In the following three sections, we will describe in more detail how the linguistic features of Ariadne presented in this section support adaptability. In the C 2 Ms used as examples, protocols and artifacts are presented in a conventional diagrammatic language which highlights the pieces of information the interpreter of Ariadne uses to execute the application. How this information is requested and presented to the users is beyond the scope of the present paper.
Adaptability in terms of modeling languages
As described in the previous section, Ariadne provides the designer with the possibility of defining different, specialized languages for describing coordination mechanisms starting from a defined set of basic elements. This is a key feature of the notation with respect to adaptability because it allows the designer to adapt the modeling language according to the specific situation under concern. This characteristic has been introduced in Ariadne to overcome some of the limits of almost all current approaches to process modeling, as discussed in Section 2: either a restricted language focusing on a specific type of representation or a language comprehensive of all potentially needed features, requiring the user to manage an overwhelming complexity. Ariadne is based on the consideration that any language is limited by definition, as it imposes a specific point of view on the target reality. Consequently, any language fits well some situations while it is inadequate for others. This fact is illustrated by the considered scenario where the involved work processes show different characteristics and require different types of supports of articulation work.
The discussion with the members of Alpha clarified that the process Collect Proposals and Reports is characterized by a light-weight form of control, mainly based on the trust that the involved roles timely accomplish their tasks. In order to assure some form of control, the role having the greatest responsibility in the collecting process (the Collector) is assigned by default to the (actor playing as) Technical Coordinator (TC). In the first stage of the design of a technological support to the organization, no problems were recognized around the collection process.
The Review Meeting process was instead problematic since the very beginning for two reasons. First of all, the difficulty of getting together such a dispersed set of people to a single place and at the same time; secondly, and most importantly, the fact that the minutes of the meeting were just a bureaucratic document and all the decisions were to be communicated, and sometimes renegotiated, with a heavy overhead of work for the Chair of the meeting (role assigned by default to the Technical Coordinator). Then, the desired technology should support a 'practically' virtual meeting that 'practically' lasted more than the formal time of the meeting itself. In this case, the process requires a stronger control and a more carefully defined interaction protocol among the involved actors, while preserving a high degree of flexibility. The minutes, not in their bureaucratic sense, rather in their operational, pro-active role became the core of the analysis of such interaction protocols. Minutes were more and more understood as an additional actor in the articulation work.
The Research Area Management process is obviously the most complex of the three considered ones. As project teams are composed by several actors, loosely coupled in terms of organizational structure, the problem was to define a protocol among them that could guarantee the timely propagation of the decisions and the consistency of the distributed actions. Hence, a detailed map should be drawn to serve as a reference point for all the involved roles.
The three above processes show different requirements in terms of the basic linguistic features: the first one is described in terms of roles, tasks they are responsible for and activities realizing the tasks; the second one is described in terms of roles and communication mediated by the minutes as artifact; the third one is described in terms of a detailed causal relation between communication and tasks performed by roles. This means that the coordination mechanisms supporting them require specialized languages focusing on the pertinent features. A language that focuses just on what is needed, with the appropriate expressiveness and complexity, is central for expressing the process adequately as well as for providing adaptability along the other identified dimensions.
In the following, the languages used for the considered processes will be analyzed in detail.
THE COLLECT PROPOSALS AND REPORTS C 2 M
According to the analysis, the language useful to express the Collect Proposals and Reports C 2 M is the combination of two main categories: role and task. No formal relation is needed in this case to describe the control flow of the C 2 M that is simply expressed in terms of the responsibilities of roles for tasks and the execution of the related activities. The latter are fully under the control of the responsible role who might delegate their execution and organize them as it will. Ariadne just opens a 'working space' for them where the related information can be maintained. Figure 4 shows the Collect Proposals and Reports C 2 M. Three roles are involved: the Collector, already described in Section 4.1, the Proponent(s), submitting proposals to Alpha, and the Technical Auditor, in charge of verifying the formal correctness of the proposals. The roles are described in terms of the policy governing their assignment and of the tasks they are responsible for. The tasks are characterized by the information governing their activation (in-trigger and pre-/post-conditions) and by the activities realizing them. As anticipated, most of the activities are expressed in terms of communication (interactions) as the control flow is quite loose. Moreover, for each task an attribute specifies who has the right to modify it: the Collector can modify the tasks it is responsible for, while the submission procedure is established by the Sponsors. Submit proposal is a task deserving additional comments. In fact, its accomplishment depends on the results of some verification rules on the produced form; moreover, the task must adhere to a policy establishing that the filled form has to be validated by the Technical Auditor (attribute approved by) and that, after the validation, it has to be sent to the Collector (attribute report to).
THE REVIEW MEETING C 2 M
The language for describing the Review Meeting C 2 M is the combination of two main entities: the category role and the active artifact ( Figure 5 ). The information contained in the active artifact is derived from the textual minutes that are produced for accountability reasons (sketched on the left in Figure 5 ) and it is structured per class of projects to be evaluated (new, ongoing and concluded). The fields of the new projects are initialized by the previous C 2 M. The annotations are free texts that the involved roles can fill in to express their opinions. The Figure 5 . The Review Meeting C 2 M. Conventionally, the suffix -j means that the information is related to the j-th project.
control flow of the communication is expressed in a declarative way by specifying the conditions allowing for the specific type of communication. The condition is a predicate about the state of the information contained in the active artifact, possibly in conjunction with a communicative event. So, for example, if the Chair updates the state of a new project to the value approved, then the Proponent, the Research Area Coordinator and the Leader of the Project are notified (in parallel) of this event. The visibility section implicitly defines the possibilities of the mentioned roles in terms of the communication capabilities. These latter are exploited in the coordination and awareness sections, which constitute the protocol of the current C 2 M. The protocol is just a declarative description of a structure of interactions. During the Review Meeting a VOTING C 2 M is activated by the Chair in order to agree on the modifications/new state elaborated by the Chair. The latter decides if and when the annotations are sufficient for the decisions and if a voting mechanism is needed. Each Project Management C 2 M is constituted of a protocol and an active artifact. The data frame of the active artifact is a structure of project modules (a graph not shown in the paper) reflecting the classification schema adopted in the paper-based artifact. The information about each module is expressed by some attributes with the related access rights, as in the previous C 2 M. Again, the communication capabilities make the active artifact an active component contributing to the protocol supporting the articulation work necessary to manage the considered aspects of the project management. The protocol is characterized by a structured flow of tasks and interactions across the involved roles, in order to represent not only the related responsibilities, but also the causal order in which they have to be fulfilled. Hence, for the first time in our scenario, a formal relation is needed for representing an explicit procedure. Since the designer wanted to emphasize the distributed nature of the process, the selected formal relation took the form of a class of Modular Petri nets (De Cindio et al., 1982) where each component expresses the protocol governing the behavior of a role. Three roles are involved: Project Leader, in charge of the whole mechanisms, Senior Designer, and Junior Designer(s). As an example, in Figure 6 we specify the Project Leader and its behavior as described in the defined protocol. The protocol is sketched with the following conventions: for sake of conciseness, the content of all the messages implicitly refers to the project PL is the leader of; transitions are labeled with tasks (that can be described in details by means of the related template) or interactions; arcs are labeled with conditions. Moreover, synch (Roles, info) denotes a special kind of task which has to be performed jointly by the mentioned roles in order to produce the mentioned resource. The way in which this cooperation is performed can be established, dynamically and/or incrementally, by specifying the activities realizing the task or by the activation of a specific protocol, i.e., of another C 2 M. By default, synch (. . . ) opens an interaction space where the joint behavior can be performed. The selected language puts the emphasis on the category role as a means to organize the control flow description and on communication across roles. This is not the only possibility: a description based on a non-distributed control flow of tasks and interactions with the active artifact is possible just by using a structure which expresses control flow by means of AND/OR graphs.
THE RESEARCH

Adaptability in terms of visibility
As anticipated in Section 1, the second dimension of adaptability that Ariadne takes into account is related to the visibility of the contexts of definition and use of a formal construct. In this perspective, it is essential to consider two aspects concerning Ariadne in action: the organizational context where the C 2 M is defined, used and modified as well as the contexts associated with the users that utilize it during its life cycle.
THE INITIALIZATION: DEFINING THE ORGANIZATIONAL CONTEXT
In presenting the linguistic features of Ariadne, we explicitly mentioned that each category and aggregation subscribes to policies from the organizational context. This accounts for the fact that an actor constructing or executing a C 2 M does not act in a vacuum. On the contrary, the actor has to make reference to the target organizational context which specifies constraints and opportunities governing the definition and execution process. By consequence, a crucial aspect of Ariadne concerns the design of how this context is constructed and adapted. The basic idea is to see the organizational context as a special type of C 2 M (called institutional C 2 M) with which all the other C 2 Ms interact during their life cycle. In this way, the organizational context of a C 2 M and the C 2 M itself are described using the same language, and can be defined and adapted in a uniform way. The only difference is that the organizational context is defined and possibly modified by the qualified roles who own a quite 'institutional' responsibility: typically, to introduce or cancel a role, to hire or fire an actor, and finally to acquire or dismiss a resource. All users can access the organizational context to read its contents. This choice allows all users to have a uniform view of all the components of their work environment, enhancing visibility and accessibility.
In Ariadne, the institutional C 2 M contains three main types of information. First of all, the human resources belonging to the organization, second the set of general resources each C 2 M can use as a common patrimony. The third type of information specifies who has the right and duty to define a C 2 M or an institutional category. (With this term we indicate all the categories that are instantiated in the organizational context and that can be referred to by all the C 2 M defined within the same organizational context.) The last type of information is described as a set of institutional roles together with the actors playing them: the possible precepts they contain specify the constraints governing the definition process. This minimal amount of information is provided when the system implementing Ariadne is installed by a 'super-user': to this aim this role has available the restricted functionality to define, modify, enact and activate the institutional C 2 M (i.e., the working space of the super-user is a subset of the one shown in Figure 7 ). Once the latter is activated, the super-user disappears and the overall process of C 2 Ms definition and adaptation by the real actors can start. The same holds for an institutional category: in the following we will consider just C 2 Ms since a similar reasoning holds for the other categories too.
According to what is specified in the institutional C 2 M,each actor qualified to construct any C 2 M or one of its possible components has the related functionality available in her user interface (see menu of Figure 7) . When necessary or desired, the actor can start the construction by specifying all the necessary components, as described in Section 5. Institutional categories can be referred to by any C 2 M, in addition to the categories that are local to it. In particular, actors are referred to during the enactment of a C 2 M. This is the phase where roles have to be assigned to the appropriate actor(s) by the role responsible for the mechanism.
Any modification of a C 2 M is performed fully within the system. To our knowledge, none of the existing WFMSs achieve the same degree of integration of the organizational context within the framework devoted to workflow definition and adaptation. This is a basic consequence of fully taking into account the recursive nature of cooperative work .
A DIFFERENTIATED VISIBILITY DURING THE C 2 M LIFE CYCLE
In order to support the life cycle of a C 2 M, Ariadne is logically organized into three distinguished, although integrated, environments: one for the definition and modification of the language adequate to represent work processes, one for the construction and modification of protocols and artifacts characterizing the desired coordination mechanism in terms of this language, and one for the full specification, activation and dynamic adaptation of the coordination mechanism. Each environment is tailored to the specific needs of its potential users. In fact, the three integrated environments are typically accessed by users with different skills and necessity, and playing (simultaneously) different roles. In the last two environments, the use of the notation merely requires the ability of selecting and combining predefined items according to the rules of a predefined language. These environments are typically needed by end-users who, as part of their everyday work activities, use, adapt and, in some circumstances, define coordination mechanisms. The environment for the definition of the language, on the other hand, is typically the realm of the 'application designer' or, in our framework, of actors who define languages needed by a particular community of end-users for defining their coordination mechanisms. The flexible and adaptable visibility and accessibility of the three environments, while preserving their specific context and functionality, is the basis of what has been proposed as an incremental approach to customization (MacLean et al., 1990) . Then, in Ariadne the distinction between user and designer is very smooth as it depends, dynamically, on the assignment of roles to an actor and on the role the latter is currently playing.
The above analytical distinction is incorporated in the working space assigned to each actor by the initialization step according to the current role(s) she is assigned to. The differentiated visibility mentioned in the introduction is mainly achieved by making available the appropriate functionality according to the space of possibility defined by the current role. In Figure 7 , the current role determines what the actor can do. The various pieces of information are active texts that modify the context accordingly. For example, if JJ is assigned to a role that is allowed to define or modify a C 2 M or some of its components, the pertinent functionality becomes available in her working space (menu in Figure 7) .
The role who has the right to define a C 2 M can also define a new language or adapt an existing one to this purpose. The language shapes the space of possibility in which the actual definition (and modification) of a C 2 M occurs. This fact allows the interface to be tailored to what is really needed and avoids overwhelming the user with useless features. The definition is driven by templates and dialog boxes that lead to fill in, incrementally, the tables presented in Section 4. According to the metaphor of maps and scripts, the definition needs not to be completed before the enactment of the C 2 M can happen. Just a minimal set of mandatory information is required: the main constraints concern the definition of the involved roles which are the 'core categories' of Ariadne (and of its implementation). What is missing is incrementally required when the information becomes mandatory to prosecute the enactment or activation of the C 2 M. The possibility of enacting a C 2 M is contained in the working space of the actor assigned to its responsible role. The enactment can be triggered by communication from other C 2 Ms. In the scenario, for example, the Review Meeting C 2 M is enacted by the responsible role (the Chair) following a request from the Collector (within the task Prepare Review Meeting illustrated in Figure 4) . The enactment step assigns actors to roles, again in a possibly incremental way, according to the above principle. The enactment modifies the working space of the involved actors in a coherent way.
An enacted C 2 M can be activated by the actor playing the responsible role. The execution follows the definition of the C 2 M and is realized by the distributed behavior of the actors participating in it through the functionality provided by their individual working spaces (see the bottom part of Figure 7) . The latter are organized according to the C 2 Ms the actor is involved in, in accordance with her role in the C 2 M. The actor can select the C 2 M she wants to be involved in by selecting one of the roles she is Assigned to: for example, if the actor selects role Ro1, the bottom part of the working space is modified so as to contain the information related to the C 2 M C3. Specifically, the Coordination and the To Do List are related to the C 2 M the actor is currently Involved in. When a coordination message is received, the message appears in Coordination while the task or interaction that the actor has to perform in response to it is added to the To Do List. In the To Do List, the actor has the possibility to view a detailed description of the various items (first button) or to execute one of them ('do' button). The functionality of Define, Modify, Enact and Activate are available if and only if the actor, in her current working space, is allowed to use them on some entity belonging to the space. In the situation shown in Figure 7 , all these options are available since the responsibility assigned to JJ implies the possibility to enact and activate C 2 Ms, tasks and resources. Moreover, actor JJ is allowed to define or modify the current C 2 M. In general, the definitions and the modifications can be related to the current C 2 M as well as to a new C 2 M. The latter is considered as sub-C 2 Ms of the current one so, that they can mutually interact. Examples of sub-C 2 Ms have been given in Section 5 (see, e.g., the VALIDATION C 2 M contained in Figure 4) . If the actor is allowed and wants to define/modify C 2 Ms outside the current C 2 M, she has to switch the current context to the institutional one by selecting the pertinent institutional role among the ones she is assigned to. Also, awareness capabilities take into account the different nature of the working space. In fact, the two sections devoted to awareness communication refer to notifications meaningful in the current operative context or in the more general context (bottom and upper part of Figure 7 , respectively).
A final remark concerns the user interface sketched above. Figure 7 is a simplified and compound vision of different sub-spaces that an actor can access and activate in an independent way. In the current prototype, the related interfaces are very simple, and probably not suitable to present the information to the users in a satisfactory way, especially if they are involved simultaneously in several working spaces. However, they give the idea (and have been used to check) that the underlying functionality is tailorable according to these contexts, irrespective of the strategy adopted to present the whole information to the users, at the surface level. This is an open problem not just for Ariadne but also for almost all CSCW applications.
Adaptability in terms of modifications
The previous section illustrates how Ariadne supports adaptability in terms of different degrees of visibility. This section is focused on the possibility of adapting the current description and execution of a C 2 M to both temporary and permanent changes. The attribute defined/modified by contained in all categories and in all their combinations (up to whole C 2 Ms) specifies who has the right/duty of modifying each specific component of process description in a temporary or permanent way (by using the related functionality in the pertinent working space). The value of this attribute can be either a role (as in our scenario) or a whole C 2 M if the definition of the modification is governed by some specific protocol, possibly involving the strategy by which changes are propagated. This goes in the direction of constructing distributed support to cooperation not just in terms of an implementation strategy, but also in terms of how the coordination mechanisms are conceived. In fact, distributed teams can cooperate in defining their coordination mechanisms not only if they share a space where to do it (e.g., in Grasso et al. (1997) the very powerful BSCW (Bentley et al., 1997) ), but also if definitions and modifications are governed by explicit coordinative policies. Hence, the value of the attribute defined/modified by is useful not only for sake of accountability of the modification process, but also for managing propagation of changes.
TEMPORARY AND PERMANENT CHANGES
A well recognized example of temporary change is the modification of the current state of an activated mechanism in front of some unexpected event or of events whose handling strictly depends on the current situation. An example of the latter case 1 is given by the task Recovery in the Project Management C 2 M: this task is activated when the review process requires changes of the project that are considered as impossible in the current situation. In this case, there are two possible outcomes: either the project is forced to a final state or all the current activities are suspended until a negotiation of those changes leads to another set of requests. Ariadne provides a primitive, called enforce, which allows the actors to impose state changes to the protocols they are executing. The case considered above does not create serious consistency problems because the enforced states belong to the space of possible states of the current description. In fact, it is already the case that a project can terminate, and that its modules are suspended during the revision of their specifications by the Senior Designer. In other situations, it might happen that an unforeseen state has to be enforced before the execution reaches an admissible state. Ariadne is not able to provide a strong support to check the consistency of an unforeseen state. A similar argumentation can be done for the temporary modifications of the structure of the protocol during its execution (e.g., adding a new relation, a new arc, between categories like tasks/interactions). These modifications are syntactically possible, but their impacts are almost fully under actors' control. Permanent changes are motivated by the need for adapting the current work processes to lasting organizational changes and/or to a new demand of support due to an evolution of the domain. In the considered scenario, for example, the initial organizational and technological solution showed some weakness in the phase of collecting proposals which highlighted the need for a specific promotion focused on the potential Proponents. Moreover, the Proponents requested the Technical Auditor to support them on core aspects of the project under concern (e.g., looking for partners and potential users for building the consortium, finding specialized computing resources, etc.). Then the Sponsors decided to reorganize this process in order to deal with these problems and defined additional requirements on the technological support. As the Technical Coordinator held the main responsibility on this process (recall, it plays the role of Collector), the Sponsors decided to delegate to the actor playing this role the realization of the modifications of the previous coordination mechanism. First of all and for obvious reasons, he decided to assign, by default, the role of Technical Auditor to the actor playing the role of Research Area Coordinator (RAC) in the area the project is related to. In discussing with the RACs, it was decided to introduce an active artifact supporting the work of the Technical Auditor in dealing with the new demands. The same artifact should allow the Collector to monitor the discussion and the state of the potential incoming proposals in order to be able to take some corrective action in the case of a limited number of proposals, of uncovered research areas, etc. From the linguistic (implementation) point of view, these modifications of the Collect Proposals and Reports C 2 M consisted of the following two steps:
(1) The language formerly used to define the Collect Proposals and Reports C 2 M (see Section 5.1) was extended to include an active artifact. The latter contains fields (not described here) keeping track of the information requests and of the temptative proposals. Collector has the read access rights to all pieces of information and can insert some annotations in an ad hoc field; TA has read and update rights on all fields. As for the communication, the active artifact makes the Collector and the TA aware of the changes of information or new requests by the Proponents.
(2) The specification of the role TA was modified so as to associate the policy "by default, is RAC"; TA (implicitly) gets the communication capabilities specified in the access right section of the active artifact. This happens to the role Collector too, while the role Proponent remains unchanged. In addition, in the course of the discussion about the new organization, the role of RAC became not just a reference in case of exceptional situations (namely, the handling of impossible changes, as in Figure 6 ); rather it had to play an active role for guaranteeing the quality of the reports by synchronizing its behavior with the behavior of the people involved in each project management for fully anticipated tasks. In this view, the Research Area Management was no more to be considered as a set of juxtaposed Project Management C 2 Ms, rather as a structure of independent mechanisms that have to synchronize at some point through Figure 8 . Again, an artifact is introduced; in this case, it is a collection of structured information pointing to the Project Management C 2 Ms. This is an example of how Ariadne allows for the explicit use of artifacts at any level of aggregation of C 2 Ms. In the new compound C 2 M, the RAC behavior explicitly states a communication with the PLs for preparing the reports. The only modification of each Project Management C 2 M (within the Research Area Management C 2 M) concerned the communication about the report preparation: what before had to be communicated to the Collector is now communicated to the RAC, that in turn communicates to the Collector. This modification had to be considered in connection to the Collect Proposals and Reports C 2 M, specifically to the definition of role Collector, and raised a discussion among the Sponsors about the crucial aspect of how to manage the consequent propagation of changes.
The Sponsors considered two strategies. Either the modification is to be considered as a re-organization internal to the Research Area Management process or it has to be considered as part of a more global reorganization. In the former case, the Collector remains fully unaware of this modification. The Collector sends out report requests and waits for the reports from the PLs. From the technical point of view, the interface managing the external communication of Research Area Management C 2 M has to take care of the 'translation' of these addresses. This translation is made easier by the possibility to delimit the scope of a role within a C 2 M and to possibly connect them with institutional roles through precepts. In the case that the modification has to be part of an explicit re-organization, then Collector in the Collect Proposals and Reports C 2 M has to be explicitly involved too: that is, here the communication with the PLs has to be changed accordingly. The small size of the organization and the central role of the TC led to the selection of this second possibility.
ABOUT PROPAGATION OF CHANGES
The above two strategies could be used in combination, and perhaps at different stages of the organizational evolution. In both cases, a crucial point is to evaluate if modifications have any impact on other C 2 Ms. Let us consider an hypothetical modification of Project Management C 2 M. If, for some reason, the protocol of the first version of Project Management is modified in terms of involved roles, structure of artifact and assignment of tasks to roles, then the only constraint is the 'communication interface' to the environment, namely the communication with the Review Meeting C 2 M. If all the tasks not involving this communication are disregarded, then the interface just specifies the communicative events with the environment and their causal relation. Once in the new solution, the internal behavior and communication are again disregarded. The modification then is not affecting the other C 2 Ms if the new interface is equivalent (Milner, 1980) to the old one, that is, the communicative events with the environment satisfy the same causal relation. The illustrated case is trivial since most of the communication is internal and can therefore be disregarded. The general case can be quite complex: our claim is that a computer support interacting with the designer who decides the correspondence of the old communicative events with the new ones could provide an invaluable support that can be applied uniformly to all components of a protocol.
If the modification affects other C 2 Ms, all the responsible roles have to be involved for realizing the alignment. Ariadne does not provide a 'panacea' to this problem: rather it makes visible the roles that have to be involved for realizing this alignment. In the considered scenario, the Collector participated to the cooperative redesign of the two C 2 Ms that were made incompatible by the modifications. Moreover, it could support the cooperative re-alignment by means of ad-hoc C 2 Ms (specified in the policy associated to the attributes defined/modified by).
The identification of tools supporting semantic consistency of modifications is a crucial, and still open, point in achieving a degree of adaptability which is at the same time rich enough to deal with the complex nature of cooperation and sustainable by the actors performing the modifications (Donatelli et al., 1998) . Various techniques have been identified in relation to specific formal approaches to process modeling. First of all, techniques supporting process refinement (e.g., Van der Aalst, 1997). They can be applied to the definition of permanent changes as well as to support incremental design during process execution. These techniques, while providing the designer with different degrees of support, share a common drawback: they are based on the hypothesis that the module to be substituted for an event is fully disjointed from the workflow system to be refined. The limit of this approach was already put in evidence by Di Cesare and Der Jeng (1993) , observing that resources can hardly be seen as local to an action: rather they are almost shared by definition and then used across the actions and their refinements. Secondly, more recent techniques support run-time modifications of process instances (structural changes and enforcement of states) (Ellis, 1995; Agostini and De Michelis, 1998) . Again, these techniques, although very elegant and innovative, suffer from the same drawback. Correctness and consistency is sought for, rightly, in relation to the inner process functionality, but the impacts of the modifications on the interacting cooperative processes are not considered. In our view, considering a business process as a 'global' entity which contains all the necessary information, possibly represented at different levels of abstraction, induces a bias in the above techniques which, though useful within their range of application, creates problems in dealing with the distributed nature of cooperative work. In Donatelli et al. (1998) , we discussed how a recent approach (Buchholz, 1996) can be taken as a trigger for an alternative way to look at the use of formal techniques. The approach combines two different 'tools' to deal with system complexity: hierarchy (not refinement) to organize system views according to the different perspectives of the constituent components and observation equivalence techniques to support consistency checks in terms of interface compatibility of the various views. Tools of this kind can be fruitfully used to support an integrated modeling of both detailed processes and their abstract views by the other cooperating processes (hierarchy) as well as the evaluation of the impact and propagation of modifications on the latter (equivalence techniques).
How to achieve adaptability: the basic implementation principles
In order to achieve the level of adaptability described in the previous sections the implementation of Ariadne has to support the desired flexibility. In this section, we describe the basic design principles underlying the implementation of Ariadne that make this possible.
As a framework for creating languages for constructing and modifying mechanisms, the main property of Ariadne is the full compositionality of its constitutive elements: the categories of articulation work and their relations, as well as their aggregations. Compositionality is obtained, among the others, through the definition of a small set of communication primitives allowing these components to combine their behavior (Divitini et al., 1996) . In fact, in Ariadne the role of communication is crucial in many ways. First of all, communication provides the basic categories of Ariadne and the active artifacts with the capability of showing a reactive and proactive behavior (through, coordination and awareness capabilities). Second, the distributed nature of the protocols requires communication capabilities that can be expressed by the category called Interaction. Third, the possibility of making C 2 Ms interoperate is based on the communication across C 2 Ms that characterizes their interfaces. Finally, communication is basic to implement recursiveness of articulation work, as this requires an interaction between the C 2 M and its organizational context (see Section 6.1).
Actually, the modularity of Ariadne and its features allowing for communication among and across its components at any level of aggregation is implemented through a multi-layered architecture of agents (ABACO): each category corresponds to a specific agent; an aggregation of categories corresponds to a federation of agents. An agent's behavior is characterized by the above-mentioned communication primitives which constitute the agent interaction language. Primitives can be classified in three groups: for the activation of other agents (subscription mode), for the management of synchronization and awareness (inscription mode), and finally for the management of modifications (prescription mode). The implementation follows the following schema (illustrated in Figure 9 ): for each attribute of a category there is a corresponding script of primitives. Each primitive is implemented in the target environment: the current implementation is based on JAFMAS, a framework for the development and implementation of multi-agent systems that is based on Java (Chauhan, 1997) . JAFMAS represents agent' behavior in terms of conversations. Hence, scripts are the specification of the conversations characterizing each agent/category. Since categories share common attributes, inheritance is widely used.
In ABACO, the behavior of the system is obtained by the concurrent and dynamic activation of all the agents defining each C 2 M and all its constituents. Hence, the resulting implementation takes into account the distributed nature of cooperative and articulation work, by using those JAFMAS and Java capabilities (mainly, portability and a wide use of URLs) that make Ariadne's components inherently autonomous and naturally manageable in a distributed way.
The primitives of the agent interaction language are used uniformly to express the interaction among agents corresponding to the target C 2 M, as well as among the agents that realize the underlying infrastructure (e.g., managing the communication within and across agent federations, the enactment and activation, and so on) and of agents managing the user interface too. This uniformity, together with the standardization of the agents' communication capabilities is the main basis of the compositionality on which adaptability is based. For example, this allows reducing the effort to modify the selected modeling language, e.g., by adding new features, as described in the previous section. This approach can be viewed as a component based design strongly driven by the semantics of the composition language (Nierstrasz and Meijler, 1995) .
Summary and conclusions
The paper discussed the theme of workflow system adaptability in relation to process modeling. Starting from a discussion of the role of formal constructs in cooperation, the main claim is that adaptability involves different dimensions of process modeling. These dimensions concern the possibility to flexibly combine a rich set of basic categories in order to obtain the most suitable language to model the target business process and the work practices around it; to take into account various levels of visibility of the process model in relation to the needs and the role of the actors who utilize it during its life cycle; and finally, to allow for temporary as well as permanent modifications of the process itself. Ariadne, a notation conceived for the above purpose, is illustrated by means of a working example based on a real experience of use of the proposed modeling framework. Moreover, we presented the main design principles governing its implementation in ABACO, an agent-based architecture on top of the Java language.
In the debate about light-weight versus heavy-weight solutions to the conception of adaptive workflow systems, we take the flexible position of 'as light as required'. In fact, adaptability is not an absolute concept, but an achievement which takes its meaning in each specific working situation in terms of both constraints and opportunities. Of course, this flexible position poses some strong requirements on the identification of tools making the activity of process adaptation both controllable and sustainable for the person in charge of this activity as part of her every day work. Some recent results have been discussed both in terms of achievements and limits.
Moreover, we stressed the role of awareness promotion in the incremental design implied by partial specifications. We believe that awareness is also a fundamental source of support during process modifications. In our view, this opens one of the most challenging issues in process modeling: namely, the smooth integration of features and tools supporting awareness not only with features and tools support-ing the use of formal constructs describing more recurrent patterns of cooperation (as indicated in Ariadne) but also, and especially, with those features and tools which are devoted to support modifications (as outlined in (Donatelli et al., 1998) ). This challenge has to take into account the distributed nature of cooperation as explicitly required by the more recent evolutions of the organizations hosting the workflow systems, among others, virtual and networked organizations and various forms of electronic commerce. Hence, adaptability in a distributed environment raises the problem of workflow interoperability far beyond the pure technical aspects, and requires one to identify functionalities able to support interoperability of locally adaptable systems by mediating among work processes at the modeling level too. That is, the necessity to 'reconcile' different views of distributed teams on shared or borderline entities has to become part of the construction of the interoperating coordination mechanisms that support their cooperation (Simone et al., 1999) .
Lately, different proposals have approached the issue of workflow adaptivity in terms of reflective frameworks (Borghoff et al., 1997; Edmond and ter Hofstede, 1998) . We believe that a full understanding of adaptability along all its complementing dimensions and the identification of the capabilities of the related supporting tools are an essential step towards dealing with the problem of defining workflow adaptivity in terms of system reflective behavior.
